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Description

The present invention relates to a procedure for
controlling pressure in an electrolysis apparatus produc-
ing hydrogen and oxygen by decomposing electrolytic
liquid into hydrogen and oxygen with the aid of electric
current. The invention also relates to an electrolysis ap-
paratus for producing hydrogen in a variable-pressure
electrolytic cell by decomposing electrolytic liquid with
the aid of electric current into hydrogen and oxygen.

Hydrogen is an ideal and non-polluting source of
energy in special applications in which no conventional
energy sources are available. Therefore, for instance in
devices using electric current and located in sparsely
populated and rough regions solar panels can be used
for producing electric current. Such installations are fre-
quently unmanned and require automatic or remote
control operations. Such installations need to be oper-
ating also when there is no sunlight. Storing electricity
only in batteries would require a very large number of
batteries, particularly in northern latitudes, said batter-
ies being heavy and requiring maintenance.

Using hydrogen for storing energy is one of the
means of recovering the surplus energy produced by so-
lar cells, whereby water is decomposed into hydrogen
and oxygen with the aid of electricity. In such instances
electricity may, if needed, be produced with the aid of a
fuel cell from hydrogen. In order to reduce the size of
the hydrogen gas storages required, the hydrogen must,
however, be pressurized and additional energy must be
used for the pressurization.

It is known in the art to accomplish the decomposi-
tion of water into hydrogen and oxygen in electrolytic
cells operating under pressure and thus producing hy-
drogen directly in pressurized form, so that no separate
pressurization is needed.

A drawback in pressurizing an electrolytic cell is,
however, increase of leakages.

It is also known in the art to place an electrolytic cell
within a separate pressure shell, whereby the pressure
difference between the inside and outside of the elec-
trolytic cell substantially reduces and leakages de-
crease. Thus, in an apparatus as for instance in patent
publication FR-2466515, the pressure shell has been
pressurized with the aid of nitrogen gas, and the appa-
ratus comprises means for maintaining the pressure
within the electrolytic cell lower than the pressure of the
pressure shell. Use of separate pressurizing gas re-
quires, however, containers for the pressurizing gases
and need of supplementing the pressurizing gas; the
system disclosed in said patent is therefore not applica-
ble for instance in apparatuses operating automatically
by solar power in remote areas.

It is known in GB patent No. 1518234 to place the
electrolytic plates inside the pressure shell, whereby the
pressure of the hydrogen gas prevails inside the pres-
sure shell. Aclosed electrolytic cell placed within a pres-
sure shell is not, however, included in the design accord-
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ing to said patent, instead, the electrodes used in de-
composing an electrolytic liquid (HCI) have been posi-
tioned hanging directly within the pressure shell. The ap-
paratus disclosed in said patent is an apparatus intend-
ed for large-scale hydrogen production, having a very
high power need, a complicated and expensive design,
e.g. due to the devices needed in purification; in addi-
tion, the apparatus is not intended for oxygen recovery.

In Finnish patent application No. FI-923904, an
electrolysis apparatus is disclosed for producing hydro-
gen from water, in which apparatus an electrolytic cell
has been placed within a pressure shell filled with liquid,
said pressure shell being maintained pressurized with
the pressure of the gas produced in electrolysis. The lig-
uid within the pressure shell is selected on the basis of
e.g. the corrosion properties of the mantle, low electric
conductivity, and the mutual appropriateness of the lig-
uid and the pressurization gas used for the control.

The liquid-filled inner volume of the pressure shell
can be connected, for instance with a pipe, to a gas
source consisting of pressurized hydrogen or oxygen
gas produced in the electrolytic cell. The pressure shell
may thus be connected to any point located in the pipe
system between the gas containers and the electrolytic
cell. Preferably the pressure shell is connected by
means of a pipe to the upper part of the water separator
used in the water removal of the gas. Preferably such
amount of the pressurization liquid is used that the liquid
surface rises at least to some extent into the pipe trans-
mitting the gas pressure.

However, the pressurization of the electrolytic cell
requires that the pressure difference between the hy-
drogen side and the oxygen side (i.e. the hydrogen side
and the water supply side) will not be too great because
majority of the electrolytic cells commercially available
do not structurally tolerate high pressure differences.
Especially electrolytic cells with variable pressure and
using electricity produced with the aid of solar cells
therefore require pressure control systems which attend
to maintaining the pressure difference between the hy-
drogen side and the oxygen side appropriate and suffi-
ciently small. In systems known in the art the pressure
control has in general been implemented using electri-
cally operating control valves which consume electricity
and therefore are not very appropriate for use in sys-
tems producing hydrogen autonomically with the aid of
solar cells.

A problem in said system may also be the vapori-
zation of the pressurization liquid or other form of trav-
elling into the liquid circulation of the gas used in the
pressurization and therethrough into the electrolytic cell.
Since the pressurization liquid is frequently an oil, its en-
try into the electrolytic cell gradually causes reduction
of performance of the cell.

With the aid of the present invention, a procedure
for controlling pressure in electrolysis apparatus is pro-
duced so that the pressure difference between the oxy-
gen side and the hydrogen side is maintained at a given
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value mechanically, whereby the control in a variable-
pressure system is carried out automatically without
consuming electricity.

Therefore, the invention relates to a procedure for
controlling pressure in an electrolysis apparatus which
produces hydrogen and oxygen by decomposing elec-
trolytic liquid with the aid of electric current and which
apparatus comprises a closed pressurized electrolytic
cellfor producing hydrogen and oxygen, a hydrogen line
for conducting hydrogen out of the electrolytic cell into
a hydrogen storage, an oxygen line for conducting oxy-
gen out of the electrolytic cell, and feed means for sup-
plying electrolytic liquid into the electrolytic cell. The pro-
cedure according to the invention is characterized in that
between the pressure of the oxygen line and the pres-
sure of the hydrogen line a given pressure difference is
maintained by conducting the first product gas dis-
charged from the system through one or more spring-
loaded overflow valves so that the pressure prevailing
in the line containing the second product gas is conduct-
ed to the spring side of the overflow valve.

The electrolytic liquid fed into the electrolytic cell
contains water but it may contain any substances pro-
moting the operation of the electrolytic cell used, such
as acids or bases. The term "water" will below refer to
any such electrolytic liquid.

In the procedure of the invention a mechanical,
electricity not consuming and automatically operating
pressure control is implemented by applying a conven-
tional overflow valve in a modified form. A standard
overflow valve comprises a metal diaphragm inserted in
an appropriate housing, which diaphragm with the pres-
sure of a spring placed under the diaphragm becomes
depressed against the outlet aperture of gas or liquid,
thus closing it. Only when the pressure of the gas or lig-
uid exceeds the spring pressure, the flow may take
place out of the outlet aperture. In the procedure of the
invention for controlling the pressure of the oxygen line,
the pressure of the hydrogen line is conducted to the
spring side of the overflow valve, whereby the pressure
difference between the pressures of the oxygen line and
the hydrogen line is automatically maintained as high as
the spring pressure. By controlling the spring pressure,
the pressure difference can be set as desired. At the
same time, the diaphragm of the overflow valve pre-
vents the oxygen gas and the hydrogen gas from be-
coming into contact with each other.

Thus, in the above-described way a control system
operating automatically and without electricity can be
provided, in which care is taken that the pressures of
the oxygen side and the hydrogen side automatically fol-
low each other in the entire pressure area, which may
vary greatly depending on the variable working pressure
determined by the pressure prevailing at any given time
in the hydrogen storage.

Maintaining a given relatively small pressure differ-
ence between the oxygen and the hydrogen sides is
necessary because the structure of the electrolytic cell
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tolerates no high pressure differences. Especially along
with an oxygen flow, large quantities of water are dis-
charged, which according to the conventional technolo-
gy can be separated from the gas using water separa-
tors and conducted back into the electrolytic cell with the
aid of gravitation. Along with the hydrogen flow consid-
erably smaller quantities of water are discharged, which
can equally be separated from the hydrogen gas in a
water separator. The water separated from the hydro-
gen gas can either be discharged entirely from the sys-
tem or it can be returned to the electrolytic cell. The last-
mentioned alternative however requires that a higher
pressure must prevail in the water separator of the hy-
drogen side than in the oxygen side.

In such case that the water separated from the hy-
drogen gas is not recovered or it is not conducted direct-
ly back into the electrolytic cell, the pressure in the ox-
ygen line can be maintained higher than the pressure in
the hydrogen line. Hereby, the pressure of the hydrogen
line is conducted to the spring side of the overflow valve
in the oxygen line as such, whereby the spring pressure
of the overflow valve attends to maintaining the pressure
in the oxygen line higher than the hydrogen pressure by
the amount of the spring pressure by discharging the
excess oxygen out of the system.

In such case that also the water separated from the
hydrogen gas is desired to be returned to the electrolytic
cell, care thus has to be taken of that at least a some-
what higher pressure is prevailing in the water separator
of the hydrogen side compared to that in the oxygen
side, and likewise to that in the inlet side of the electro-
lytic cell. This can be implemented so that the pressure
of the hydrogen side is not conducted as such to the
spring side of the overflow valve in the oxygen line but
it is lowered by a given amount, said amount being a bit
greater than the spring pressure of the overflow valve.
Said reduced hydrogen pressure can therefore be taken
in, for instance after a back-pressure valve positioned
in the hydrogen line, said back-pressure valve dropping
the pressure of the hydrogen line by a desired amount.
In this way it is achieved that the pressure in the hydro-
gen line is maintained higher than in the oxygen line and
the water from the water separator of the hydrogen side
can be returned for instance to the water separator of
the oxygen side and back to the electrolytic cell.

According to a preferred embodiment of the proce-
dure of the invention, the hydrogen pressure to the
spring side of the overflow valve of the oxygen line can
be taken optionally either before the back-pressure
valve, or as reduced, thereafter, whereby the selection
can be implemented for instance with the aid of a three-
way valve. The latter procedure is adopted when the
pressure after the back-pressure valve, i.e. the pressure
of the hydrogen storage, is lower than the pressure of
the hydrogen line. The former procedure is adopted
when the pressure in the hydrogen line before the back-
pressure valve is lower than after the back-pressure
valve, for instance when the pressures in the electrolysis
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apparatus have been dropped down and the pressure
of the electrolytic cell is increased to the pressure of the
hydrogen storage. The three-way valve may preferably
be replaced also by using another overflow valve. Here-
by, the spring side of the second overflow valve is con-
nected to a point in the hydrogen line which is located
after the back-pressure valve and the spring side of the
second overflow valve is connected with the hydrogen
line before the back-pressure valve.

The present invention also concerns an electrolysis
apparatus for producing hydrogen and oxygen by de-
composing electrolytic liquid with the aid of electric cur-
rent using the above-described pressure control meth-
od. The electrolysis apparatus according to the inven-
tion is characterized in that the apparatus comprises at
least the following components:

(a) a closed pressurized electrolytic cell for produc-
ing hydrogen and oxygen with the aid of electric cur-
rent,

(b) a hydrogen line for conducting hydrogen out of
the interior of the electrolytic cell into a hydrogen
storage,

(c) an oxygen line for conducting oxygen out of the
interior of the electrolytic cell,

(d) feed means for supplying electrolytic liquid into
the electrolytic cell, and

(e) means for maintaining a given pressure differ-
ence between the pressure of a first product-gas
line and the pressure of a second product-gas line,
said means comprising one or more overflow valves
placed in the first product-gas line, and means for
conducting the pressure of the second product-gas
line to the spring side of the overflow valve.

Various embodiments of the control method and the
electrolysis apparatus according to the present inven-
tion are described below more in detail, reference being
made to the accompanying figures, in which:-

Fig. 1 presents an electrolysis apparatus in which
the pressure of the oxygen gas is maintained higher
than the pressure of the hydrogen gas,

Fig. 2 presents an equivalent apparatus in which the
pressure of the hydrogen gas is maintained higher
than the pressure of the oxygen gas,

Fig. 3 presents a modification of the apparatus
shown in Fig. 2, in which the three-way valve has
been replaced by another overflow valve,

Fig. 4 presents an electrolysis apparatus in which
the pressure of the hydrogen line to the spring side
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of the overflow valve is transmitted hydraulically,

Fig. 5 presents an electrolysis apparatus which pre-
vents the liquid in a pressure shell from entering in
liquid or vapour form into the gas circulations of the
apparatus, and

Fig. 6 presents an electrolysis apparatus which is
provided with a safety means for lowering the pres-
sure of hydrogen if the pressure of the oxygen side
should drop for one reason or another.

Fig. 1 presents a variable-pressure electrolytic cell
10 provided with an inlet connector 11 for electrolytic lig-
uid, an outlet connector 12 for hydrogen gas, an outlet
connector 13 for oxygen gas (oxygen/water mixture),
and current supply leads 14. In the embodiment accord-
ing to the figure also water separators 15 and 16 are
shown for separating water from the hydrogen gas and,
respectively, from the oxygen gas.

Electrolytic liquid is fed into the electrolytic cell 10
through a water pipe 17, a pump 18 and a water line 19
into the water separator 16 for oxygen gas and further
through a water supply line 20, a back-pressure valve
21 and the inlet connector 11 for the electrolytic liquid to
the electrolytic cell 10. The oxygen produced in the elec-
trolytic cell and the water entering therewith are con-
ducted through the oxygen outlet connector 13 and the
oxygen outlet line 22 to the water separator 16 of oxy-
gen. The water entering together with the oxygen gas is
separated in the water separator 16, returning to the
electrolytic cell 10 through the line 20 with the aid of
gravitation.

The hydrogen gas produced in the electrolytic cell
10 is conducted through the hydrogen outlet connector
12 and the hydrogen outlet line 23 to the water separator
15 of hydrogen gas. The water separated from the gas
in the water separator 15 is conducted off through a pipe
24 and a valve 25.

In an apparatus according to Fig. 1 a pressure shell
system disclosed in Finnish patent applications Fl-
923903 and FI-923904 has moreover been applied, said
system being maintained pressurized with the pressure
of oxygen gas. Thus, a pressure shell 26 is presented
in Fig. 1, within which an electrolytic cell 10 has been
placed. The pressure shell 26 is preferably filled with an
inert liquid, and the pressurization is advantageously
carried out by conducting a pipe 27 into the pressure
shell 26 from the water separator 16 of oxygen gas.
Therefore, the pressure of the oxygen gas is prevalent
in the pressure shell 26. It is to be noted, however, that
regarding the invention, the use of a pressure shell is
not by any means essential.

The hydrogen gas from the water separator 15 is
conducted further through line 28 and a back-pressure
valve 29 into a hydrogen storage 30. In addition, line 28
is provided with a discharge pipe 31 and a valve 32 for
lowering the hydrogen pressure, e.g. for maintenance
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of the electrolysis apparatus.

Oxygen gas is conducted from the water separator
16 of the oxygen gas to an overflow valve 34 in line 33.
The overflow valve 34 comprises a housing 35, which
is divided with the aid of a sealed diaphragm 36 into two
compartments 37 and 38. Compartment 37 includes a
seat 39 provided with an aperture 40 and a channel 41
leading from the aperture 40 through the seat 39. The
oxygen gas flows through line 33 into the compartment
37 of the overflow valve 34 and further through aperture
40 and channel 41 to the oxygen discharge pipe 42. The
other compartment 38 of the overflow valve 34 compris-
es a spring 43 which at one end has been supported to
the end of the housing 35 and at the other end to the
diaphragm 36. Thus, the oxygen gas can flow through
the aperture 40 and the channel 41 to the oxygen dis-
charge pipe 42 only when its pressure exceeds a given
value. An essential feature in the operation of the over-
flow valve 34 is furthermore that the compartment 38
including the spring 43 is also through line 44 connected
to the hydrogen pressure, i.e. to line 28.

In an apparatus according to Fig. 1 the pressure
control operates as follows. Against one side of the di-
aphragm 36 of the overflow valve 34 a pressure is di-
rected both from the hydrogen line 28 and moreover
from the spring 43 pressing the diaphragm 36 against
the sides of the aperture 40 in the seat 39. Therefore,
the oxygen is allowed to flow into the discharge pipe 42
only when the pressure of the oxygen in line 33 is higher
than the sum of the pressure of the hydrogen line 28
and the spring pressure of spring 43. When oxygen is
flowing, the pressure in the oxygen line 33 drops, until
it is by the amount of the spring pressure of the spring
43 higher than the pressure in the hydrogen line 44 and
28, whereby the diaphragm 36 closes the aperture 40.
Thus, the oxygen pressure conforms automatically to
the pressure in the hydrogen line 28, however, remain-
ing always higher than the hydrogen pressure in line 28.
Advantages of the pressure control system disclosed
are, above all, that the control is mechanical, thus not
consuming any electric current, no separate control
valves and pressure sensors are needed, and hydrogen
is not consumed by the control.

If the pressures are desired to be discharged from
the electrolysis apparatus, for instance for the sake of
maintenance, the valve 32 in the discharge pipe 31 is
opened and the hydrogen is allowed to flow out. Hereby,
the pressure in line 44 drops and diaphragm 36 allows
oxygen to flow into the discharge pipe 42, so that the
oxygen pressure conforms to the decrease of the hydro-
gen pressure. The back-pressure valve 29 prevents the
pressure of the hydrogen gas container 30 from dis-
charging into the discharge pipe 31. When the appara-
tus is started again, the overflow valve 34 takes care of
that the hydrogen pressure in line 28 before the back-
pressure valve 29 increases and that the pressure of the
oxygen gas in line 33 increases equally. When the hy-
drogen pressure in line 28 reaches the pressure of the
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hydrogen storage 30, the hydrogen gas starts flowing
into the hydrogen storage 30.

As mentioned above, by adjusting the rigidness of
the spring 43 of the overflow valve 34 the overpressure
can be set to a desired value between the pressure of
the oxygen line and the pressure of the hydrogen line.
Although the absolute values of said pressures are in
no way essential with regard to the operation of the ap-
paratus, one may say that the overpressure of oxygen
of the order 1 to 2 bar is appropriate in practice.

The embodiment presented in Fig. 2 differs from the
one in Fig. 1 as follows. In this case the water separated
in the water separator 15 of hydrogen gas is returned to
the electrolytic cell 10 through the water separator 16 of
the oxygen line. For that purpose, a pipe 24 has been
connected to the water separator 16 of the oxygen line.
In order to make the water returning successful, the
pressure on the hydrogen side must be higher than on
the oxygen side. On the other hand, the oxygen dis-
charge operation of the overflow valve 34 requires that
the oxygen gas pressure in line 33 must be higher than
the sum of the spring pressure and the hydrogen pres-
sure directed to the diaphragm 36.

For that purpose, the hydrogen pressure to the
spring side of the overflow valve 34 is not conducted
from the inlet side of the back-pressure valve 29 but
through line 45 and a three-way valve 46 from the outlet
side of the back-pressure valve 29. In addition, the back-
pressure valve 29 has been arranged to provide a pres-
sure drop which is greater than the spring pressure of
the overflow valve 34. Once again, the absolute values
of the pressures and pressure differences are not es-
sential regarding the operation of the apparatus, but an
appropriate spring pressure in the overflow valve 34
may be of the order of 1 to 2 bar and, respectively, a
pressure drop in the back-pressure valve 29 may be of
the order of 310 4 bar.

When in an apparatus shown in Fig. 2 the pressures
of an electrolysis apparatus are desired to be dropped
down, this is again accomplished through the discharge
pipe 31 and the valve 32. Since the back-pressure valve
29 prevents any flow backwards, the hydrogen pressure
on the spring side of the overflow valve 34 will not drop,
and thus, neither will the oxygen pressure in line 33 al-
lowed to go down. Therefore, a line 47 has been con-
nected to the three-way valve 46, whereby the pressure
on the spring side of the overflow valve 34 and, respec-
tively, the oxygen pressure can be decreased through
lines 44 and 47, when the communication through line
45 is closed. If desired, said operation.can be imple-
mented automatically, but for that purpose, for instance
pressure sensors (not shown) may be needed on both
sides of the back-pressure valve 29 in the hydrogen line
28, whereby reversing the three-way valve 46 can, if de-
sired, be arranged to operate automatically depending
on whether the pressure of the hydrogen storage 30 is
higher or lower than the pressure in line 28 before the
back-pressure valve 29.
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The apparatus according to Fig. 3 is in other re-
spects similar to the apparatus shown in Fig. 2, with the
exception that it includes two overflow valves 34a and
34b, to which the hydrogen pressure is conducted from
different sides of the back-pressure valve 29 in the hy-
drogen line 28. To the spring side of the first overflow
valve 34a, hydrogen pressure is conducted through line
44 from a point located after the back-pressure valve
29. To the spring side of the second overflow valve 34b
the hydrogen pressure is conducted through line 47a
from a point which is located before the back-pressure
valve 29. Thus, the combination of the overflow valves
34a and 34b replaces the three-way valve 46 and the
line 47 in an apparatus shown in Fig. 2. When the hy-
drogen pressure is lower before the back-pressure
valve 29 than thereafter, controlling the oxygen pressure
takes place with the aid of the overflow valve 34b, and
when the hydrogen pressure is higher before the back-
pressure valve 29 than thereafter, controlling the oxygen
pressure takes place with the aid of the overflow valve
34a.

The apparatus shown in Fig. 4 is similar in structure
and operation to the apparatus shown in Fig. 2 except
that the hydrogen pressure is transmitted hydraulically
to the spring side of the overflow valve 34 through line
44. For said purpose, a liquid-filled separator 48 has
been added in line 44, comprising a sensitively moving
but sealed piston 49. In addition, line 44 and the spring
side 38 of the overflow valve 34 are liquid-filled. The sep-
arator 48 acts then as a safety means in case the dia-
phragm 36 of the overflow valve 34 becomes broken so
that hydrogen and oxygen gases might become in con-
tact with each other. If the diaphragm 36 breaks, the pis-
ton 49 depresses, due to the effect of the hydrogen pres-
sure, tothe lower position against the sealing 50, where-
by the pressure connection from the hydrogen line 28
to the overflow valve 34 closes and the mixing of the
gases is prevented. Naturally a similar arrangement is
also useful in the apparatus shown in Figs. 1 and 3.

As described above, the pressure shell 26 is main-
tained pressurized with the pressure of the gas pro-
duced in electrolysis, i.e. in the present instance by
means of pipe 27 leading to the pressure shell 27 from
the water separator 16 of oxygen gas. The amount of
the liquid added in the pressure shell 26 is preferably
such that the liquid surface rises at least some way up
into pipe 27. In the embodiment shown in Fig. 5, a back-
pressure valve 145 has been placed in pipe 27 to allow
gas flow only in the direction of the pressure shell 26.
Therefore, the oxygen gas pressure prevailing in the wa-
ter separator 16 is transmitted via the pipe 27 and the
back-pressure valve 145 to the pressure shell 26 and to
the liquid therein.

If the pressures are desired to be discharged out of
the electrolysis apparatus for instance for maintenance,
the valve 32 in the pipe 31 is opened and hydrogen is
allowed to flow out. Hereby, the pressure in pipe 44 de-
creases and diaphragm 36 allows the oxygen toflow into
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the outlet pipe 42, whereby the oxygen pressure con-
forms to a decrease in the hydrogen pressure. The
back-pressure valve 29 prevents the flow of hydrogen
gas from the hydrogen gas storage 30 into the outlet
pipe 31.

Now, the back-pressure valve 145 in the pipe 27
prevents, however, the exit of the pressure out of the
pressure shell 26. For that purpose, an overflow valve
146 has been provided, being in structure equivalent to
the overflow valve 34. Thus, a pipe 147 has been con-
nected to the spring side of the overflow valve 146 from
pipe 27. The discharge side of the overflow valve 146
has been connected to the pipe 27 by means of a pipe
148.

As the pressure in the water separator 16 starts to
drop, the pressure of the pressure shell 26 in the spring
side of the overflow valve 146 remains at first the same
as it was. However, in a given phase the pressure of the
pressure shell 26 exceeds the combined pressure of the
spring side pressure of the overflow valve and the spring
pressure, whereby gas starts to flow out of the overflow
valve 146 through pipe 149.

Although it is shown in the embodiment of Fig. 5 that
the pressure shell 26 is maintained pressurized with the
oxygen pressure entering through the pipe 27 from the
water separator of the oxygen gas, it is to be noted that
pressurization may be taken from anywhere else where
the pressure of the oxygen produced in the electrolytic
shell is prevalent. The pipe 27 could, therefore, be con-
ducted for instance from pipe 33 or even from pipe 22,
although the latter procedure is not recommended be-
cause the oxygen gas passing in pipe 22 contains water.
It is equally obvious that the pressurization of the pres-
sure shell may equally be accomplished with the aid of
hydrogen pressure, whereby the pipe 27 can be con-
ducted, for instance from the water separator 15 of the
hydrogen gas, or from the hydrogen line 28.

The apparatus shown in Fig. 5 prevents the liquid
in the pressure shell from entering in liquid or vapour
form into the gas circulations of the apparatus, and at
the same time it takes care of that the pressure of the
pressure shell is enabled to decrease in an instance in
which the pressure of the gas source drops. In addition,
variable-pressure pressurization is achieved without
having to take resort to a separate protective gas for the
pressurization and the control thereof. The amount of
the gas required inthe pressurization is extremely small.
It is to be noted specifically that in the apparatus not only
hydrogen produced in the electrolytic cell but also oxy-
gen can be used as the pressurization gas without any
risk of corrosion.

The spring pressure of the overflow valve 146 is se-
lected appropriately sothat the pressure of the pressure
shell 26 remains somewhat lower than the pressure of
the gas produced in electrolysis. An appropriate pres-
sureis in general of the order of a few bar, at most. When
the pressure of the gas source drops and the difference
between the pressures of the gas source and the pres-
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sure shell 26 is below the spring pressure of the overflow
valve 146, the pressure from the flow channel 27 be-
tween the back-pressure valve 145 and the pressure
shell 26 is enabled to be discharged via pipes 148 and
149, for instance, out into free air.

The embodiment shown in Fig. 5 can be applied ir-
respective of whether oxygen or hydrogen is used for
pressurizingthe pressure shell 26. Not even in using hy-
drogen, the discharge of the pressure of the pressure
shell 26 into the free air will cause any risk or danger
because the gas quantities to be released are in any
case very small.

The operating principle of the overflow valve shown
in the apparatuses of Figs. 1-4, however, causes that,
when the pressure of the oxygen side drops below the
hydrogen pressure (for instance because of leakage
produced in the oxygen pipe), the hydrogen pressure is
inhibited from complying to the oxygen pressure. In spite
of a decrease in the pressure of the oxygen side, the
hydrogen pressure increases while the electrolytic cell
is in operation, with the result that the electrolytic cells
may break.

The embodiment shown in Fig. 6 provides a safety
system by means of which said drawback can be elim-
inated.

In the apparatus according to Fig. 6, the above-
mentioned, modified overflow valve is used in accord-
ance with Figs. 1-4 both for maintaining the hydrogen
and oxygen pressures in a given ratio in a variable-pres-
sure electrolysis apparatus and as a safety means for
decreasing the hydrogen pressure in an instance in
which the pressure of the oxygen side would for one rea-
son or another drop.

The embodiment shown in Fig. 6 differs from Fig. 1
in that an overflow valve 245 has been added into the
apparatus to attend to a drop in the hydrogen pressure
in line 28 when there occurs a pressure drop in the ox-
ygen line 33. The overflow valve 245 is provided with
two compartments 247 and 248 separated by a sealed
diaphragm 246. Compartment 247 comprises a seat
249 provided with an aperture 250 and a channel 251
leading from the aperture through the seat 249. The hy-
drogen gas is enabled to flow via line 255 to compart-
ment 247 of the overflow valve 245, and further through
aperture 250 and channel 251 to hydrogen discharge
pipe 252. The other compartment 248 of the overflow
valve 245 contains a spring 253, which presses the di-
aphragm 246. Thus the hydrogen gas is enabled to flow
via aperture 250 and channel 251 to the hydrogen dis-
charge pipe 252 only when the pressure thereof ex-
ceeds a given value. An essential feature of the opera-
tion of the overflow valve 245 is furthermore that the
compartment 248 containing the spring 253 is also con-
nected to the oxygen pressure, i.e. to line 33, or also to
the water separator 16 of oxygen gas, for instance via
pipe 254.

In the overflow valve 245 used as a safety means
in the apparatus shown in Fig. 6 the rigidness of the

10

15

20

25

30

35

40

45

50

55

spring 253 has been so set that a requisite pressure dif-
ference between the gases in order to release hydrogen
out is high enough so that unnecessary leakage will not
occur (for instance 5 to 6 bar).

Any liquid which is electrically non-conducting, inert
relative to hydrogen or oxygen, non-corrosive to the ma-
terials used, and enduring concerning the operating
temperature conditions can be used in the pressure
shell 26. The price and non-toxicity are also aspects to
be considered.

Therefore, in an apparatus according to the inven-
tion for instance silicon oils or fats, fluorized oils, oil-
based or synthetic lubricants and even distilled or ion-
exchanged water can be applied. A problem of the last-
mentioned is, however, poor frost resistance and that it
may cause electrochemical corrosion, particularly in as-
sociation with oxygen. Neither can any ordinary oils be
used together with oxygen.

Examples of appropriate pressurization liquids are
particularly silicon oils and fats, such as "Dow Corning
200 Fluid" manufactured by Company Dow Corning or
"Rhodosil" oil by company Rhone-Poulenc.

In the embodiments according to Figs. 1-6 oxygen
is described as the first product gas and hydrogen as
the second product gas. However, with regard to the op-
eration of the process and the apparatus according to
the invention, it makes no difference which is the first
product gas and, correspondingly, the second product
gas.

Claims

1. A procedure for controlling pressure in an electrol-
ysis apparatus which produces hydrogen and oxy-
gen by decomposing electrolytic liquid with the aid
of electric current and which apparatus comprises
a closed pressurized electrolytic cell (10) for pro-
ducing hydrogen and oxygen, a hydrogen line
(23,28) for conducting hydrogen out of the electro-
lytic cell (10) into a hydrogen storage (30), an oxy-
gen line (22,33) for conducting oxygen out of the
electrolytic cell (10), and feed means (17,18,19,
20,21) for supplying electrolytic liquid into the elec-
trolytic cell (10), characterized in that between the
pressure of the oxygen line (33) and the pressure
of the hydrogen line (28) a given pressure difference
is maintained by conducting a first product gas dis-
charging from the system through one or more
spring-loaded overflow valves (34,34a,34b) so that
the pressure prevailing in the line (28) containing a
second product gas is conducted to the spring side
of the overflow valve (34,34a,34b).

2. Procedure according to claim 1, characterized in
that a given overpressure or underpressure com-
pared with the pressure of the hydrogen line (28) is
maintained in oxygen line (33) by conducting the hy-
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drogen pressure to the spring side of the overflow
valve (34,34a,34b) from a point after a back-pres-
sure valve (29) in the hydrogen line (28) or, respec-
tively, from a point before the back-pressure valve
(29).

Procedure according to claim 1 or 2, characterized
in that a given pressure difference is maintained be-
tween the pressure of the oxygen line (33) and the
hydrogen line (28) using two overflow valves (34a,
34b) placed in the oxygen line (33), whereby the
pressure of the hydrogen line (28) is conducted to
the spring side of the second overflow valve (34b)
from a point located before the back-pressure valve
(29) placed in the hydrogen line (28), and the pres-
sure of the hydrogen line (28) is conducted to the
spring side of the first overflow valve (34a) from a
point which is located after the back-pressure valve
(29) placed in the hydrogen line (28).

Electrolysis apparatus for producing hydrogen and
oxygen by decomposing electrolytic liquid with the
aid of electric current, characterized in that the ap-
paratus comprises at least the following compo-
nents:

(a) a closed pressurized electrolytic cell (10) for
producing hydrogen and oxygen with the aid of
electric current,

(b) a hydrogen line (23,28) for conducting hy-
drogen out of the interior of the electrolytic cell
(10) to a hydrogen storage (30),

(c) an oxygen line (22,33) for conducting oxy-
gen out of the interior of the electrolytic cell (10),

(d) feed means (17,18,19,20,21) for supplying
electrolytic liquid into the electrolytic cell (10),
and

(e) means for maintaining a given pressure dif-
ference between the pressure of a first product-
gas line (33) and the pressure of a second prod-
uct-gas line (28), said means comprising one
or more overflow valves (34,34a,34b) placed in
the first product-gas line (33) and means for
conducting the pressure of the second product-
gas line (28) to the spring side of the overflow
valve (34,34a,34b).

Apparatus according to claim 4, characterized in
that the means for conducting the pressure of the
hydrogen line (28) to the spring side (38) of the over-
flow valve (34) comprise a back-pressure valve (29)
in the hydrogen line (28) and a line (44,45,47,47a)
for conducting the pressure of the hydrogen line
(28) to the spring side of the overflow valve (34).
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6.

10.

11.

12.

13.

Apparatus according to claim 5, characterized in
that said line (44,47,47a) provides a connection
from the spring side of the overflow valve (34) to a
point in the hydrogen line (28) before the back-pres-
sure valve (29).

Apparatus according to claim 5, characterized in
that said line (44,45) provides a connection from the
spring side of the overflow valve (34) to a point in
the hydrogen line (28) after the back-pressure valve
(29).

Apparatus according to claim 6 or 7, characterized
in that it also comprises a three-way valve (46) for
providing a connection (44,45,47) from the spring
side of the overflow valve (34) to a point of the hy-
drogen line (28) located before the back-pressure
valve (29) or thereafter.

An electrolysis apparatus according to any one of
claims 4 to 8, characterized in that it comprises two
overflow valves (34a,34b) and lines (44,47a) for
conducting the pressure in the hydrogen line (28)
to the spring side of the overflow valves (34a,34b)
so that the spring side of the second overflow valve
(84b) is connected to a point in the hydrogen line
(28) before the back-pressure valve (29) and the
spring side of the first overflow valve (34a) is con-
nected to a point in the hydrogen line (28) after the
back-pressure valve (29).

Electrolysis apparatus according to any one of
claims 4 to0 9, characterized in that the electrolytic
cell (10) has been positioned within a protective
shell (26) pressurized with the pressure of a gas
produced in electrolysis.

Electrolysis apparatus according to claim 10, char-
acterized in that the protective shell (26) has been
filled in with an inert liquid and pressurized with the
pressure of the oxygen line (27,33).

Electrolysis apparatus according to any one of
claims 4 to 11, characterized in that the apparatus
comprises liquid separators (15,16) for separating
electrolytic liquid from gases passing through the
hydrogen line (23,28) and the oxygen line (22,33).

Electrolysis apparatus according to any one of
claims 410 12, characterized in that the gas volume
of the hydrogen line (23,28) between the electrolytic
cell (10) and the back-pressure valve (29) in the hy-
drogen line (28) is at least twice greater, but prefer-
ably more than twice greater than the gas volume
of the oxygen line (22,33) between the electrolytic
cell (10) and the overflow valve (34) placed in the
oxygen line (33).
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Electrolysis apparatus according to any one of
claims 4 to 13, characterized in that the hydrogen
pressuretothe spring side of the overflow valve (34)
is transmitted hydraulically by means of a liquid in
line (44).

Electrolysis apparatus according to claim 14, char-
acterized in that said line (44) comprises a gas/lig-
uid separator (48) provided with a piston (49), in
which separator the piston (49) due to the influence
of hydrogen pressure shuts the connection to the
spring side of the overflow valve (34) if the valve
diaphragm (36) breaks.

An electrolysis apparatus for producing hydrogen
by decomposing water-containing liquid with the aid
of electric current into hydrogen and oxygen in a
pressurized electrolytic cell (10) so that the electro-
lytic cell (10) is positioned within a pressure shell
(26) filled with a liquid, characterized in that the ap-
paratus is provided with means for conducting the
pressure of a gas produced in electrolysis into the
pressure shell (26), said means comprising a flow
channel (27) from a source (16,33) of a gas pro-
duced in electrolysis to the pressure shell (26), a
back-pressure valve (145) placed in the flow chan-
nel (27) allowing a gas flow only in the direction of
the pressure shell (26), and an overflow valve (146),
to the spring side thereof being conducted the pres-
sure of said gas source (16,33) and to the discharge
side thereof being conducted the pressure of said
pressure shell (26).

Apparatus according to claim 16, characterized in
that in said flow channel (27) oxygen pressure is
prevalent.

Apparatus according to claim 16, characterized in
that in said flow channel (27) hydrogen pressure is
prevalent.

Apparatus according to any one of claims 16-18,
characterized in that said means comprise a pipe
(147) leading from said flow channel (27) to the
spring side of the overflow valve (146), and a pipe
(148) leading from the flow channel (27) to the dis-
charge side of the overflow valve (146).

Apparatus according to claim 19, characterized in
that the pipe (148) is connected out into the free air
by means of a pipe (150) and a back-pressure valve
(151) in order to prevent potential underpressure in
the pipe (27) between the back-pressure valve
(145) and the pressure shell (26).

An electrolysis apparatus for producing hydrogen
and oxygen by decomposing electrolytic liquid with
the aid of electric current, said apparatus compris-
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22,

23.

16

ing aclosed pressurized electrolytic cell (10) for pro-
ducing hydrogen and oxygen with the aid of electric
current, a hydrogen line (23,28) for conducting hy-
drogen out of the interior of the electrolytic cell (10)
into a hydrogen storage (30), an oxygen line (22,33)
for conducting oxygen out of the interior of the elec-
trolytic cell (10), and means for maintaining a given
pressure difference between the pressure of the ox-
ygen line (33) and the pressure of the hydrogen line
(28), characterized in that the apparatus compris-
es an overflow valve (245) connected to the hydro-
gen/oxygen line (28), and means for conducting the
pressure of the oxygen/hydrogen line (33) to the
spring side (248) of the overflow valve (245).

Apparatus according to claim 21, characterized in
that the means for conducting the pressure of the
oxygen line to the spring side (248) of the overflow
valve (245) comprise a pipe system (254) leading
from a point of the oxygen line (22,16,33) to the
spring side (248) of the overflow valve.

Apparatus according to claim 21 or 22, character-
ized in that said hydrogen line (28) is provided with
a back-pressure valve (29) allowing flowing only
from the electrolytic cell (10) in the direction of the
hydrogen container (30) and that the overflow valve
(245) is connected to a point of the hydrogen line
(28) located between the electrolytic cell (10) and
said back-pressure valve (29).

Patentanspriiche

1.

Kontrolliverfahren fr den Druck in einer Elekiroly-
sevorrichtung, die Wasserstoff und Sauerstoff da-
durch erzeugt, daB elektrolytische Flussigkeit mit
Hilfe von elektrischem Strom zersetzt wird, und wel-
che Vorrichtung eine geschlossene druckbeauf-
schlagte Elekirolysezelle (10) fur die Erzeugung
von Wasserstoff und Sauerstoff, eine Wasserstoff-
leitung (23, 28) fir das Leiten von Wasserstoff aus
der Elekirolysezelle (10) in einen Wasserstoffspei-
cher (30), eine Sauerstoffleitung (22, 33) fur das
Leiten von Sauerstoff aus der Elektrolysezelle (10)
und Zufuhreinrichtungen (17, 18, 19, 20, 21) fir das
Einspeisen elekirolytischer Flussigkeit in die Elek-
trolysezelle (10) hat, dadurch gekennzeichnet, dafi3
zwischen dem Druck in der Sauerstoffleitung (33)
und dem Druck in der Wasserstoffleitung (28) eine
gegebene Druckdifferenz dadurch aufrechterhalten
wird, daB ein erstes Produkigas, das von dem Sy-
stem ausstréomt, durch ein oder mehrere federbela-
stete Uberstromventile (34, 34a, 34b) geleitet wird,
so daB der Druck, der in der Leitung (28) vor-
herrscht, die ein zweites Produktgas enthalt, zu der
Federseite des Uberstromventiles (34, 34a, 34b)
geleitet wird.
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Verfahren gemafl Patentanspruch 1, dadurch ge-
kennzeichnet, daB ein gegebener Uberdruck oder
Unterdruck im Vergleich zu dem Druck in der Was-
serstoffleitung (28) in der Sauerstoffleitung (33) da-
durch aufrechterhalten wird, daB der Wasserstoff-
druck zu der Federseite des Uberstromventiles (34,
34a, 34b) geleitet wird, und zwar von einem Punkt
nach einem Ruckschlagventil (29) in der Wasser-
stoffleitung (28) beziehungsweise von einem Punkt
vor dem Riickschlagventil (29).

Verfahren gemafB Patentanspruch 1 oder 2, da-
durch gekennzeichnet, daf3 eine gegebene Druck-
differenz zwischen dem Druck in der Sauerstofflei-
tung (33) und der Wasserstoffleitung (28) unter Ver-
wendung zweier in der Sauerstoffleitung (33) ange-
ordneter Uberstrdmventile (34a, 34b) aufrecht er-
halten wird, wobei der Druck in der Wasserstofflei-
tung (28) zu der Federseite des zweiten Uberstréom-
ventiles (34b) geleitet wird, und zwar ausgehend
von einem Punkt, der vor dem in der Wasserstoff-
leitung (28) angeordneten Rickschlagventil (29)
angeordnet ist, und der Druck in der Wasserstoff-
leitung (28) zu der Federseite des ersten Uber-
stromventiles (34a) geleitet wird, und zwar ausge-
hend von einem Punkt, der nach dem in der Was-
serstoffleitung (28) angeordneten Riickschlagventil
(29) angeordnet ist.

Elektrolysevorrichtung zur Erzeugung von Wasser-
stoff und Sauerstoff durch Zersetzen elekirolyti-
scher Flussigkeit mit Hilfe von elektrischem Strom,
dadurch gekennzeichnet, daB die Vorrichtung zu-
mindest die folgenden Bauteile aufweist:

(a) eine geschlossene druckbeaufschlagte
Elektrolysezelle (10) fur das Erzeugen von
Wasserstoff und Sauerstoff mit Hilfe von elek-
trischem Strom,

(b) eine Wasserstoffleitung (23, 28) fur das Lei-
ten von Wasserstoff aus dem Inneren der Elek-
trolysezelle (10) zu einem Wasserstoffspeicher
(30),

(c) eine Sauerstoffleitung (22, 33) firdas Leiten
von Sauerstoff aus dem Inneren der Elekiroly-
sezelle (10),

(d) Zufuhreinrichtungen (17, 18, 19, 20, 21) fur
das Einspeisen elektrolytischer Flissigkeit in
die Elektrolysezelle (10), und

(e) Einrichtungen fir das Aufrechterhalten ei-
ner gegebenen Druckdifferenz zwischen dem
Druck einer ersten Produktgasleitung (33) und
dem Druck einer zweiten Produkigasleitung
(28), wobei die Einrichtung ein oder mehrere

10

15

20

25

30

35

40

45

50

55

10

10.

Uberstromventile (34, 34a, 34b) aufweist, die
in der ersten Produktgasleitung (33) angeord-
net sind, und Einrichtungen fiir das Leiten des
Druckes in der zweiten Produktgasleitung (28)
zu der Federseite des Uberstromventiles (34,
34a, 34b) aufweist.

Vorrichtung gemaf Patentanspruch 4, dadurch ge-
kennzeichnet, daf3 die Einrichtung flr das Leiten
des Druckes der Wasserstoffleitung (28) zu der Fe-
derseite (38) des Uberstromventiles (34) ein Rilck-
schlagventil (29) in der Wasserstoffleitung (28) und
eine Leitung (44, 45, 47, 47a) fur das Leiten des
Druckes der Wasserstoffleitung (28) zu der Feder-
seite des Uberstrémventiles (34) aufweist.

Vorrichtung gemaf Patentanspruch 5, dadurch ge-
kennzeichnet, daf3 die Leitung (44, 47, 47a) eine
Verbindung von der Federseite des Uberstrémven-
tiles (34) zu einem vor dem Ruckschlagventil (29)
befindlichen Punkt in der Wasserstoffleitung (28)
vorsieht.

Vorrichtung gemaf Patentanspruch 5, dadurch ge-
kennzeichnet, daf3 die Leitung (44, 45) eine Verbin-
dung von der Federseite des Uberstrémventiles
(84) zu einem nach dem Rickschlagventil (29) be-
findlichen Punkt in der Wasserstoffleitung (28) vor-
sieht.

Vorrichtung gem&n Patentanspruch 6 oder 7, da-
durch gekennzeichnet, daf3 sie ebenso ein Dreiwe-
geventil (46) fir das Vorsehen einer Verbindung
(44, 45, 47) von der Federseite des Uberstrémven-
tiles (34) zu einem vor oder nach dem Rickschlag-
ventil (29) angeordneten Punkt der Wasserstofflei-
tung (28) aufweist.

Elektrolysevorrichtung gemaf einem der Patentan-
spriche 4 bis 8, dadurch gekennzeichnet, daf3 sie
zwei Uberstrdmventile (34a, 34b) und Leitungen
(44, 47a) fur das Leiten des Druckes in der Wasser-
stoffleitung (28) zu der Federseite der Uberstréom-
ventile (34a, 34b) aufweist, so daB die Federseite
des zweiten Uberstrdmventiles (34b) vor dem
Ruckschlagventil (29) mit einem Punkt in der Was-
serstoffleitung (28) verbunden ist und die Federsei-
te des ersten Uberstrdmventiles (34a) nach dem
Ruckschlagventil (29) mit einem Punkt in der Was-
serstoffleitung (28) verbunden ist.

Elektrolysevorrichtung gemaf einem der Patentan-
sprlche 4 bis 9, dadurch gekennzeichnet, dafi3 die
Elekirolysezelle (10) innerhalb eines Schutzgehdu-
ses (26) positioniert worden ist, das mit dem Druck
eines in der Elektrolyse erzeugten Gases druckbe-
aufschlagt ist.
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Elektrolysevorrichtung gemafn Patentanspruch 10,
dadurch gekennzeichnet, daf das Schutzgehause
(26) mit einer Inertfllissigkeit gefillt worden ist und
mit dem Druck der Sauerstoffleitung (27, 33) druck-
beaufschlagt worden ist.

Elektrolysevorrichtung gemaf einem der Patentan-
spruche 4 bis 11, dadurch gekennzeichnet, daB die
Vorrichtung Flissigkeitsabscheider (15, 16) zum
Abscheiden elekirolytischer Fliissigkeit von durch
die Wasserstoffleitung (23, 28) und die Sauerstofi-
leitung (22, 33) strdmenden Gasen aufweist.

Elektrolysevorrichtung gemaf einem der Patentan-
spriche 4 bis 12, dadurch gekennzeichnet, daf3 das
Gasvolumen der Wasserstoffleitung (23, 28) zwi-
schen der Elektrolysezelle (10) und dem Rick-
schlagventil (29) in der Wasserstoffleitung (28) zu-
mindest um das zweifache, jedoch vorzugsweise
um mehr als das zweifache, gréBer ist als das Gas-
volumen der Sauerstoffleitung (22, 33) zwischen
der Elekirolysezelle (10) und dem in der Sauerstofi-
leitung (33) angeordneten Uberstrdmventil (34).

Elektrolysevorrichtung gemaf einem der Patentan-
spruche 4 bis 13, dadurch gekennzeichnet, daB3 der
Wasserstoffdruck zu der Federseite des Uber-
stromventiles (34) mittels einer Flissigkeit in der
Leitung (44) hydraulisch Ubermittelt wird.

Elektrolysevorrichtung gemafn Patentanspruch 14,
dadurch gekennzeichnet, daf3 die Leitung (44) ei-
nen Gas-/FlUssigkeitsabscheider (48) aufweist, der
mit einem Kolben (49) versehen ist, in welchem Ab-
scheider der Kolben (49) aufgrund des Einflusses
von Wasserstoffdruck die Verbindung zu der Feder-
seite des Uberstromventiles (34) schlieBt, wenn
das Ventildiaphragma (36) zu Bruch geht.

Elektrolysevorrichtung fur das Erzeugen von Was-
serstoff durch Zersetzen von wasserhaltiger Fliis-
sigkeit mit Hilfe von elektrischem Strom in Wasser-
stoff und Sauerstoff in einer druckbeaufschlagten
Elektrolysezelle (10), so daB die Elekirolysezelle
(10) innerhalb eines mit einer Flussigkeit gefillten
Druckgehauses (26) positioniert ist, dadurch ge-
kennzeichnet, daf3 die Vorrichtung mit Einrichtun-
gen fur das Leiten des Druckes eines in der Elek-
trolyse erzeugten Gases in das Druckgehduse (26)
versehen ist, wobei die Einrichtung einen Stré-
mungskanal (27) von einer Quelle (16, 33) eines in
der Elekirolyse erzeugten Gases zu dem Druckge-
hause (26), ein in dem Strédmungskanal (27) ange-
ordnetes Rickschlagventil (145), das eine Gasstré-
mung lediglich in Richtung auf das Druckgehause
(26) gestattet, und ein Uberstrémventil(146) auf-
weist, wobei zu dessen Federseite der Druck der
Gasquelle (16, 33) geleitet wird und zu dessen Aus-
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17.

18.

19.

20.

21.

22,
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stoB3seite der Druck des Druckgehduses (26) gelei-
tet wird.

Vorrichtung gemaB Patentanspruch 16, dadurch
gekennzeichnet, daB3 in dem Strémungskanal (27)
Sauerstoffdruck vorherrschend ist.

Vorrichtung gemaB Patentanspruch 16, dadurch
gekennzeichnet, daB3 in dem Strémungskanal (27)
Wasserstoffdruck vorherrschend ist.

Vorrichtung gemaf einem der Patentanspriche 16
bis 18, dadurch gekennzeichnet, daB die Einrich-
tung eine Rohrleitung (147) aufweist, die von dem
Strémungskanal (27) zu der Federseite des Uber-
strébmventiles (146) fuhrt, und eine Rohrleitung
(148) aufweist, die von dem Strébmungskanal (27)
zu der AusstoBseite des Uberstrdmventiles (146)
fahrt.

Vorrichtung gemafB Patentanspruch 19, dadurch
gekennzeichnet, dal3 die Rohrleitung (148) nach
auBen mit der Freiluft verbunden ist, und zwar mit-
tels einer Rohrleitung (150) und eines Rickschlag-
ventiles (151), um einen moglichen Unterdruck in
der Rohrleitung (27) zwischen dem Ruckschlag-
ventil (145) und dem Druckgehause (26) verhin-
dern.

Elektrolysevorrichtung zur Erzeugung von Wasser-
stoff und Sauerstoff durch Zersetzen elekirolyti-
scher Flussigkeit mit Hilfe von elekirischem Strom,
dadurch gekennzeichnet, daB die Vorrichtung zu-
mindest die folgenden Bauteile aufweist: eine ge-
schlossene druckbeaufschlagte Elekirolysezelle
(10) fur das Erzeugen von Wasserstoff und Sauer-
stoff mit Hilfe von elektrischem Strom, eine Wasser-
stoffleitung (23, 28) flr das Leiten von Wasserstoff
aus dem Inneren der Elekirolysezelle (10) zu einem
Wasserstoffspeicher (30), eine Sauerstoffleitung
(22, 33) fur das Leiten von Sauerstoff aus dem In-
neren der Elekirolysezelle (10) und Einrichtungen
fur das Aufrechterhalten einer gegebenen Druckdif-
ferenz zwischen dem Druck der Sauerstoffleitung
(83) und dem Druck der Wasserstoffleitung (28),
dadurch gekennzeichnet, daB die Vorrichtung ein
mit der Wasserstoff/Sauerstoffleitung (28) verbun-
denes Uberstrdmventil (245) und Einrichtungen
zum Leiten des Druckes der Sauerstoff/Wasser-
stoffleitung (33) zu der Federseite (248) des Uber-
stromventiles (245) aufweist.

Vorrichtung gemafB Patentanspruch 21, dadurch
gekennzeichnet, daB3 die Einrichtung flir das Leiten
des Druckes der Sauerstoffleitung zu der Federsei-
te (248) des Uberstromventiles (245) ein Rohrlei-
tungssystem (254) aufweist, das von einem Punkt
der Sauerstoffleitung (22, 16, 33) zu der Federseite
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(248) des Uberstrdmventiles fiihrt.

Vorrichtung geman Patentanspruch 21 oder 22, da-
durch gekennzeichnet, daf3 die Wasserstoffleitung
(28) mit einem Riickschlagventil (29) versehen ist,
daB ein Strédmen lediglich von der Elekirolysezelle
(10) in Richtung auf den Wasserstoffbehalter (30)
gestattet, und daB das Uberstrémventil (245) mit ei-
nem Punkt der Wasserstoffleitung (28) verbunden
ist, der zwischen der Elekirolysezelle (10) und dem
Ruckschlagventil (29) verbunden ist.

Revendications

Un procédé pour la régulation de la pression dans
un appareil d'électrolyse qui produit de I'hydrogéne
et de l'oxygéne par décomposition d'un liquide élec-
trolytique a I'aide d'un courant électrique, lequel ap-
pareil comprend une cellule électrolytique sous
pression fermée (10) pour la production d'hydrogé-
ne et d'oxygéne, une canalisation d'hydrogéne
(23,28) pour extraire I'nydrogéne de la cellule élec-
trolytique (10) en direction d'un stockage d'hydro-
géne (30), une canalisation d'oxygéne (22,33) pour
extraire I'oxygéne de la cellule électrolytique (10) et
un dispositif d'alimentation (17,18,19,20,21) pour
alimenter la cellule électrolytique (10) en liquide
électrolytique, caractérisé en ce qu'on maintient
une différence de pression donnée entre la pression
de la canalisation d'oxygéne (33) et la pression de
la canalisation d'hydrogéne (28) en envoyant un
premier produit gazeux se dégageant du systéme
a travers une ou plusieurs soupapes de décharge
a ressort (34,34a,34b) de maniére que la pression
régnant dans la canalisation (28) contenant un
deuxiédme produit gazeux soit dirigée vers le cbté
ressort de la soupape de décharge (34,34a,34b).

Procédé selon la revendication 1, caractérisé en ce
qu'on maintient dans la canalisation d'oxygéne (33)
une surpression ou une dépression donnée par rap-
port a la pression de la canalisation d'hydrogéne
(28) en dirigeant la pression d'hydrogéne vers le cb-
1é ressort de la soupape de décharge (34,34a,34b)
a partir d'un point situé aprés un clapet de retenue
(29) dans la canalisation d'hydrogéne (28) ou, res-
pectivement a partir d'un point situé avant le clapet
de retenue (29).

Procédé selon la revendication 1 ou 2, caractérisé
en ce qu'on maintient une différence de pression
donnée entre la pression de la canalisation d'oxy-
géne (33) et celle de la canalisation d'hydrogéne
(28) en utilisant deux soupapes de décharge (34a,
34b) placées dans la canalisation d'oxygéne (33),
moyennant quoi la pression de la canalisation d'hy-
drogéne (28) est dirigée vers le cbté ressort de la
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deuxiéme soupape de décharge (34b) a partir d'un
point placé avant le clapet de retenue (29) se trou-
vant dans la canalisation d'hydrogéne (28) et la
pression de la canalisation d'hydrogéne (28) est di-
rigée vers le cbté ressort de la premiére soupape
de décharge (34a) a partir d'un point qui est situé
apreés le clapet de retenue (29) placé dans la cana-
lisation d'hydrogéne (28).

Appareil d'électrolyse pour la production d'hydrogé-
ne et d'oxygéne par décomposition d'un liquide
électrolytique & l'aide d'un courant électrique, ca-
ractérisé en ce que l'appareil comprend au moins
les éléments suivants :

a) une cellule électrolytique sous pression fer-
mée (10) pour la production d'hydrogéne et
d'oxygéne a l'aide d'un courant électrique,

b) une canalisation d'hydrogéne (23,28) pour
extraire I'nydrogéne de l'intérieur de la cellule
électrolytique (10) vers un stockage d'hydroge-
ne (30),

¢) une canalisation d'oxygéne (22,23) pour ex-
traire l'oxygéne de l'intérieur de la cellule élec-
trolytique (10),

d) un dispositif d'alimentation (17,18,19,20,21)
pour alimenter la cellule électrolytique (10) en
liquide électrolytique et

e) un dispositif pour maintenir une différence de
pression donnée entre la pression d'une pre-
miére canalisation de produit gazeux (33) et la
pression d'une deuxiéme canalisation de pro-
duit gazeux (28), ledit dispositif comprenant
une ou plusieurs soupapes de décharge
(34,34a,34b) placées dans la premiére canali-
sation de produit gazeux (33) et un dispositif
pour diriger la pression de la deuxiéme canali-
sation de produit gazeux (28) vers le cbté res-
sort de la soupape de décharge (34,34a,34b).

5. Appareil selon la revendication 4, caractérisé en ce

que le dispositif pour diriger la pression de la cana-
lisation d'hydrogéne (28) vers le cbté ressort (38)
de la soupape de décharge (34) comprend un cla-
pet de retenue (29) dans la canalisation d'hydroge-
ne (28) et une canalisation (44, 45,47,47a) pour di-
riger la pression de la canalisation d'hydrogéne (28)
vers le c6té ressort de la soupape de décharge (34).

Appareil selon la revendication 5, caractérisé en ce
que ladite canalisation (44,47,47a) assure la liaison
a partir du c6té ressort de la soupape de décharge
(84) vers un point dans la canalisation d'hydrogéne
(28) situé avant le clapet de retenue (29).

Appareil selon la revendication 5, caractérisé en ce
que ladite canalisation (44,45) assure la liaison a
partir du c6té ressort de la soupape de décharge
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(34) vers un point dans la canalisation d'hydrogéne
(28) aprés la soupape de retenue (29).

Appareil selon la revendication 6 ou 7, caractérisé
en ce qu'il comprend également une vanne a trois
voies (46) pour assurer le raccordement (44,45,47)
a partir du cbté ressort de la soupape de décharge
(34) vers un point de la canalisation d'hydrogéne
(28) placé avant le clapet de retenue (29) ou aprés.

Un appareil d'électrolyse selon l'une quelconque
des revendications 4 a 8, caractérisé en ce qu'il
comprend deux soupapes de décharge (34a,34b)
et des canalisations (44,47a) pour diriger la pres-
sion dans la canalisation d'hydrogéne (28) vers le
cbté ressort des soupapes de décharge (34a,34b)
de maniére que le cbté ressort de la deuxiéme sou-
pape de décharge (34b) soit relié¢ a un point dans
la canalisation d'hydrogéne (28) placé avant le cla-
pet de retenue (29) et que le cbté ressort de la pre-
miére soupape de décharge (34a) soit relié & un
point de la canalisation d'hydrogéne (28) situé
aprés le clapet de retenue (29).

Appareil d'électrolyse selon I'une quelconque des
revendications 4 a 9, caractérisé en ce que lacellule
électrolytique (10) a été placée a l'intérieur d'une
enveloppe protectrice (26) mise sous pression par
la pression d'un gaz produit lors de I'électrolyse.

Appareil d'électrolyse selon la revendication 10, ca-
ractérisé en ce que l'enveloppe protectrice (26) a
été remplie d'un liquide inerte et mise sous pression
par la pression de la canalisation d'oxygéne
(27,33).

Appareil d'électrolyse selon I'une quelconque des
revendications 4 & 11, caractérisé en ce que l'appa-
reil comprend des séparateurs de liquide (15,16)
pour séparer le liquide électrolytique dés gaz tra-
versant la canalisation d'hydrogéne (23,28) et la ca-
nalisation d'oxygéne (22,33).

Appareil d'électrolyse selon I'une quelconque des
revendications 4 a 12, caractérisé en ce que le vo-
lume gazeux de la canalisation d'hydrogéne (23,28)
entre la cellule électrolytique (10) et le clapet de re-
tenue (29) dans la canalisation d'hydrogéne (28) est
au moins deux fois supérieur, mais de préférence
plus de deux fois supérieur au volume gazeux de la
canalisation d'oxygéne (22,33) entre la cellule élec-
trolytique (10) et la soupape de décharge (34) pla-
cée sur la canalisation d'oxygéne (33).

Appareil d'électrolyse selon I'une quelconque des
revendications 4 a 13, caractérisé en ce que lapres-
sion d'hydrogéne exercée sur le cbté ressort de la
soupape de décharge (34) est transmise par voie
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hydraulique au moyen d'un liquide dans la canali-
sation (44).

Appareil d'électrolyse selon la revendication 14, ca-
ractérisé en ce que ladite canalisation (44) com-
prend un séparateur gaz/liquide (48) muni d'un pis-
ton (49), séparateur dans lequel le piston (49) inter-
rompt, sous l'effet de la pression d'hydrogéne, la
liaison vers le c6té ressort de la soupape de déchar-
ge (34) en cas de rupture du diaphragme de la sou-
pape (36).

Un appareil d'électrolyse pour la production d'hy-
drogéne par décomposition d'un liquide contenant
de l'eau en hydrogéne et en oxygéne & l'aide d'un
courant électrique dans une cellule électrolytique
sous pression (10) de telle fagcon que la cellule élec-
trolytique (10) soit placée dans une enveloppe sous
pression (26) remplie d'un liquide, caractérisé en ce
que l'appareil est doté d'un dispositif pour diriger la
pression d'un gaz produit au cours de I'électrolyse
vers l'enveloppe sous pression (26), ledit dispositif
comprenant un canal d'écoulement (27) a partir
d'une source (16,33) de gaz produit au cours de
I'électrolyse en direction de I'enveloppe sous pres-
sion (26), un clapet de retenue (145) disposé dans
le canal d'écoulement (27) permettant un écoule-
ment de gaz uniquement dans la direction de l'en-
veloppe sous pression (26) et une soupape de dé-
charge (146) vers le c6té ressort de laquelle est en-
voyée la pression de ladite source de gaz (16,33)
et vers le c6té décharge de laquelle est envoyée la
pression de ladite enveloppe sous pression (26).

Appareil selon la revendication 16, caractérisé en
ce que la pression d'oxygéne est prédominante
dans ledit canal d'écoulement (27).

Appareil selon la revendication 16, caractérisé en
ce que la pression d'hydrogéne est prédominante
dans ledit canal d'écoulement (27).

Appareil selon I'une quelconque des revendications
16 & 18, caractérisé en ce que ledit dispositif com-
prend une conduite (147) menant dudit canal
d'écoulement (27) vers le cb6té ressort de la soupa-
pe de décharge (146) et une conduite (148) menant
du canal d'écoulement (27) vers le c6té décharge
de la soupape de décharge (146).

Appareil selon la revendication 19, caractérisé en
ce que la conduite (148) est reliée a l'air libre au
moyen d'une conduite (150) et d'un clapet de rete-
nue (151) afin d'empécher une dépression poten-
tielle dans la conduite (27) entre le clapet de rete-
nue (145) et I'enveloppe sous pression (26).

Un appareil d'électrolyse pour la production d'hy-
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drogéne et d'oxygéne par décomposition d'un liqui-
de électrolytique a l'aide d'un courant électrique, le-
dit appareil comprenant une cellule électrolytique
sous pression fermée (10) pour la production d'hy-
drogéne et d'oxygéne a l'aide d'un courant électri-
que, une canalisation d'hydrogéne (23,28) pour ex-
traire I'hydrogéne de l'intérieur de la cellule électro-
lytique (10) vers un stockage d'hydrogéne (30), une
canalisation d'oxygéne (22,33) pour extraire I'oxy-
géne de l'intérieur de la cellule électrolytique (10)
et un dispositif pour maintenir une différence de
pression donnée entre la pression de la canalisa-
tion d'oxygéne (33) et la pression de la canalisation
d'hydrogéne (28), caractérisé en ce que l'appareil
comprend une soupape de décharge (245) raccor-
dée a une canalisation d'hydrogéne/oxygéne (28)
et un dispositif pour diriger la pression de la cana-
lisation d'oxygéne/hydrogéne (33) vers le cbté res-
sort (248) de la soupape de décharge (245).

Appareil selon la revendication 21, caractérisé en
ce que le dispositif de transmission de la pression
de la canalisation d'oxygéne en direction du cété
ressort (248) de la soupape de décharge (245)
comporte un systéme de conduites (254) condui-
sant d'un point de la canalisation d'oxygéne
(22,16,33) vers le cbté ressort (248) de la soupape
de décharge.

Appareil selon la revendication 21 ou 22, caractéri-
sé en ce que ladite canalisation d'hydrogéne (28)
est munie d'un clapet de retenue (29) permettant
uniquement I'écoulement & partir de la cellule élec-
trolytique (10) en direction du réservoir d'hydrogéne
(30) et que la soupape de décharge (245) est rac-
cordée a un point de la canalisation d'hydrogéne
(28) situé entre la cellule électrolytique (10) et ledit
clapet de retenue (29).
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